Abstract : Although a lot of researchers have interests to social simulations recently, many of their outcomes can show just abstract lessons over simple settings in their social simulations. It is understandable because complicate settings will make their social simulation tool difficult to understand and tune its parameters. There is a dilemma between simple settings with abstract lessons and difficult settings with difficult tool tuning. In this paper, it is shown that how social simulation tools can be used to make a policy proposal for polling place assignment. In the previous study of authors, a model was proposed for a decision making for each voter in an election. The change of the polling places was considered in a city, Takatsuki, Osaka Prefecture, Japan, to increase the voter turnout and to reduce the number of polling places. A method was also proposed to identify regional polling parameters in an election using real voter turnout records. With those regional polling parameters, selection and assignment of polling places to each region was done using an Evolutionary Multiobjective Optimization (EMO) algorith. Several sets of solutions were found that increase the voter turnouts and reduce the number of the polling places. In this paper, the authors show several practical results after consulting the office of the board of elections in the target city. In order to utilize outcomes of social simulations practically, they are advised that they should show the difference between the current voting assignment and the proposed one in order to announce those who should vote in a different station. They are also advised to show how to support those who should go to farther polling stations after the change of polling stations. To meet these requests from the office, they simulate a case with free shuttle bus service using our model.
Introduction
Although a lot of researchers have interests to social simulations recently, many of their outcomes can show just abstract lessons over simple settings in their social simulations. It is understandable because too complicate settings will make their social simulation tool difficult to understand and tune its parameters. In developing a social simulation, there is a dilemma between simple settings with abstract lessons and complicate settings with difficult tool tuning. While facing the difficulties in tuning a simulation tool, it is crucial to make our tool as practical as possible. To make simulation tools practical, we should see what consists of practicalness in social simulations.
Social simulations are developed to solve complicated problems in the world. We should understand those who have a power in public decision making are not always experts in the related issue. For example, in democratic nations, elected representatives have the power to make their decision on behalf of electorates. However, they are not always experts in every issue of their policy making. In order to make research outcomes from social simulations to be acceptable for those who are in charge, researchers in social simulations must take further efforts to consider the following points:
1. Use real and concrete data in outcomes, 2. Show a map if outcomes can be depicted on it, 3 . Show several alternatives, and 4. Show several scenarios.
First, the concreteness includes real statistics about the issue. While using real data will make simulation model difficult, it is vital to persuade decision makers. Second, the concreteness also includes real names of places if it is available in the concerned issue. Since social simulations often include real organizations and material/information flows among them, depicting outcomes on a map helps decision makers to understand effects of their plan. Third, showing several alternatives are also helpful for decision makers. Since several objectives are ordinarily involved in one issue, decision makers want to see alternatives, each of which optimizes one of the objectives. They can compare alternatives to find the best one they put into execution. Finally, it is also helpful for decision makers to show several scenarios. Since parameters for the environment in a social simulation can be given as preconditions, several simulation outcomes are derived from different parameter settings. Decision makers can understand effects of preconditions in simulations by comparing outcomes from different preconditions.
In this paper, the authors employ a voting simulation as their example to work with the office of the board of elections in a city. Technically they have developed their voting simulation in [1] , [2] . However, after showing their research outcomes to consult the officials who are in charge of the task of voting, they JCMSI 0002/13/0602-0124 c 2012 SICE found that their outcomes should be refined for practical purposes. They show how they can use social simulation tools to make a practical policy proposal for polling place assignment. The aim of voting simulations in our study was to increase the voter turnout. Although it is the first objective in our voting simulation, the cost for an election is also an issue of the city. Reducing the cost for the election is another objective in our simulation. In our previous study [1] , [2] , they tried to model a decision making for each voter in an election. In order to tune parameters in our voting model, they employed the real voting turnouts in a city, Takatsuki, Osaka Prefecture, Japan. After identifying the parameters, they selected and assigned polling places to each region using an Evolutionary Multiobjective Optimization (EMO) algorithm [3] . They considered two objectives in our optimization: the maximization of the voter turnout and the minimizing of the cost of an election. On two dimensional optimization space, they found several sets of solutions called Pareto-optimal solutions as alternative solutions in the two-objective voting simulation. They projected a solution on a map to show how each region is assigned to a polling place in a city. In order to encourage elderly people to join the voting, they propose a free bus service in the city.
The rest of this paper is organized as follows: Section 2 shows the background of elections in Japan. Then the voting model in our social simulation is shown in Section 3. Section 4 shows how alternative solutions are depicted in the twodimensional objective space, and shows an example on a map. Explanations are given for several scenarios of free bus service in Section 5. Finally, Section 6 concludes the paper.
Background of Elections in Japan
Every democratic government should reign according to public opinion. When the legislature such as the Diet or the assembly of a local government consists of elected representatives, the election forms the basis of national politics or local politics. But a lower voter turnout came to be a problem especially in Japan recently. Figures 1 and 2 show the transition of the voter turnout in the national election and the local election in Japan. Figures show the lower voter turnout especially in the local election. To stop this tendency, some measures have been implemented such as the extra poll hour, the early voting and so on. In order to carry out these measures, national and local governments need some financial backing. However, there is a problem that some local governments in Japan face financial difficulties. To seek the good balance between measures of increasing voter turnouts and reducing the expenditure for elections, some local governments implement elimination and consolidation of their polling places. The cost to set the polling place accounts for a large share of total cost of the election. Therefore reducing the number of polling places by elimination and consolidation of them has a certain effect.
All these measures such as extra poll hour, the early voting, and the elimination and consolidation of polling places are enforcements of policy related with the accessibility to the polling places. The extra poll hour and the early voting improve the accessibility to the polling place. On the other hand, the elimination and consolidation of polling places deteriorates the accessibility to the polling place. Because the accessibility to a polling place affects the voter turnouts, the former has the positive effect on the voter turnouts and the latter has the negative effect. If the cost to set polling places is the cost of democracy, then its cost-benefit performance should be considered. Some may consider that the cost of democracy should be paid at any cost, though, the financial limitation in governments always should be considered. The polling place for the early voting must be set in the place where the voter turnouts increase at a maximum. Reducing the voter turnouts must be minimized when the elimination and consolidation of the polling places is implemented. These measures are treated as an optimization problem to maximize the voter turnouts and to minimize the number of polling places.
Voting Model Using Real Data
The model of voters in an election was developed based on the the expected utility model set up by Downs [4] , formulated by Riker and Ordeshook [5] . Ito and Natori [6] developed their voting model based on this utility model. The same type of the utility model was employed where each voter makes his decision to vote using the following equation.
where D v i jk is the utility to decide whether Voter j living in Region i participates in an election or not when s/he is assigned to Polling place k. If D v i jk ≥ 0, s/he participates in the election, or else s/he not. U v i j is what quantify a satisfaction which Voter j in Region i gets when s/he votes. U a i jk is the cost which Voter j in the Region i should pay in her/his voting at Polling place k. α i is a regional polling parameter for all voters living in Region i and 0 ≤ α i ≤ 1. The value of U v i j is identified using the data provided by a judicial foundation, the Association For Promoting Fair Elections (APFE), Japan. In previous studies [7] - [9] , some factors relating to decision making of voters are considered. For example, there are social and economic factors (e.g., such as age, job, organizational affiliation and so on), psychological factors (e.g., such as political party approval ratings, ratings to candidates and so on), and political factors (e.g., such as existence or nonexistence of mobilization and so on). It was defined ac- Figure 3 shows the probability distributions by the questionnaire data collected in the year 2000 for the generations of 20 to 24, 25 to 29, 30 to 39, and 40 to 49. The generation of twenties is divided into two generations because many of the first half of the generation are still students in universities or graduate universities. As shown in this figure, their interest to the election is lower than that of the second half. Figure 4 shows the probability distributions for the generations of 50 to 59, 60 to 69, 70 to 79, and over 80. However, it is known that there is no difference between these two years politically. As for the year 2005, the election of this year is called "Yusei Senkyo", the issue of the election was the realization of Postal Privatization. Actions of voters were different to U a i j is decided based on the accessibility to polling places. It is shown as follows:
where d i jk is the distance from the home of Voter j in Region i to Polling place k, and d max is the longest distance among all the voter's home to her/his assigned place. Eq. (2) shows that the longer the distance between the voter and the polling place, the poorer the accessibility for the voter. The regional polling parameter α i in (1) was identified for each region according to the real turnouts in 2003 and 2005. After identifying the regional parameter α i , the estimated voter turnouts in our voting simulation were compared using the identified parameters to the actual voter turnouts in each region. The regional polling parameters was identified as follows. Table 1 . From this table, it was found that t-value in each election does not exceed the 5% significant level. It shows that there is not a significant difference between estimated voter turnouts and actual voter turnouts. Therefore it maybe appropriate to keep using these estimated regional parameters. As for the validity for the regional parameter to be used in the different election, see [1] and [2] . From the previous research of the authors, it was found that the estimated regional parameters can be used for another election if the voters' interests toward the election are appropriately collected by the questionnaire.
Alternatives in Two-Dimensional Objective Space
Using the regional polling parameters determined in the previous section, NSGA-II [3] was employed to find better polling place assignment to each region using the following two objective functions:
where x is a solution that specifies the used polling places among candidates places, PP(x) is the number of polling places of x to be minimized, and VT (x) is the estimated voter turnout using the polling places of x. The chromosome representation of a solution x used in this study is shown in Fig. 7 . As for the chromosome representation, another representation can be used. For example, we can assign the polling place ID to each of 339 regions in the target city using NSGA-II. Although this representation was examined, NSGA-II did not work well because the search space for NSGA-II using this representation is too large. That is why the representation in Fig. 7 was employed in this study. The values of parameters in NSGA-II are set as shown in Table 2 . Since the number of polling places in the target city is 66 currently, each solution has 66 genes to use or not use as polling place. The other parameter values are specified by preliminary experiments. After selecting the polling places by NSGA-II, each region is assigned to the nearest polling place. Then the voting simulation is executed using the selected polling places. Figures 8 and 9 show the obtained results of polling place assignment. NSGA-II is used to maximize the voter turnout and minimize the number of polling places. The horizontal lines in the figures show the actual turnout in each election. Each point in the figures shows a solution using the specified number of polling places and the estimated turnout. According to these figures, there is a possibility to increase the voter turnout from the current turnout or to decrease the number of polling places with keeping the current voter turnout by optimizing polling place assignment. Decision makers can examine alternative solutions in the two-dimensional objective space to see several options they can take to balance increasing the voter turnout or reducing the cost for elections. By comparing Figs When the simulation results was submitted to the office of the board of elections in the target city, solutions were depicted on a map to help the officers to see the optimized polling place allocations. Figure 10 shows an example of the allocation of polling places to each region. We utilized Google Earth as a geographical information system (GIS) to depict the map. In Fig. 10 , closed circles denote the selected polling places, and crosses denote centers of regions in a city. As shown in the map, several regions are assigned to the same polling place. Using maps like this, decision makers or officials can see any inconvenience in the solution. In Fig. 10 , for example, there are two railways running parallel from the northeast to the southwest. Since the northern railway has several crossing, it is inconvenient for residents along it to use the crossing. On the other hand, residents along the southern railway have no problem to cross the railway because it is elevated. Including such traffic information into simulation tools may be helpful, though, simply showing solution on a map is enough to solve problems in many cases. Those who are in charge of the concerned task may easily find any problems caused by the simplification in the simulation model.
Scenarios in Policy Proposal of Free Bus Service
After examining solutions obtained, it was found that regions with elderly voters are assigned to farther polling places when the number of polling places is reduced. According to (1) , it is natural because elderly voters have relatively high interests to an election as shown in Figs. 3 to 6 . Therefore they will join the election even if they are assigned to farther polling places. In order to raise the voter turnout, it is effective to allocate more polling places to younger regions. When the voting simulation tool was proposed in an academic conference in public policy, one attendee commented that the result derived by the simulation tool may cause complaints from elderly people. Probably, yes. In order to prepare for such complaints, several scenarios are considered using free bus service in this section.
In this paper, the effect of free bus service for old voters is shown. Since Takatsuki city in Osaka, Japan operates its own municipal bus services daily, the city does not have to operate specially on the election day. What they have to do is to give free ride tickets to those who are going to go to their voting place. Therefore, it is estimated that there is no additional cost for the city to introduce a bus service. The city only pay for free tickets on the election day. Since the city has already given free bus pass to elderly people over 70, a case is considered to give free bus ticket to sixties or all ages. In order to estimate the distance between voter's residential area and the voting place when voters use a bus service, these two cases are assumed:
(1) Average distance reduction and (2) Reduction using calculated distance using bus stop information.
Case (1): Average distance reduction
In order to estimate the reduction rate by introducing the free bus service, the distances are examined between the center of each residential area and the nearest bus stop from that area and between the assigned polling place and the nearest bus stop from that polling place. Since each voter should walk from his home to the nearest bus stop, and walk from the bus stop to the polling place after getting off his bus, the walking distance for each residential area to polling place is calculated. Figures 11 and 12 show the reduction rate for the walking distance according to each polling place assignment found by NSGA-II. It is shown that the distance can be reduced to 50% averagely. Using these results, it is assumed that the distance from each residential area to its polling place can be reduced 50% by free bus service.
The free shuttle service is introduced in two cases: only to sixties or to all ages. The results are shown in Figs. 13 and 14 . The results show that voter turnouts are raised 3.0% averagely in Fig. 13 and 3 .5% in Fig. 14 When the free shuttle service is introduced to all generations, the voter turnout is improved dramatically. However, this is the case when all voters decide their voting action according only to (1) . That is, our simulation does not consider any other personal factors that prohibit voters from participating the election. Therefore, 100% voting rate is observed in Fig. 14.
Case (2): Reduction of calculated distance using bus stop information
In Case (1), the distance between residential areas and polling places was assumed to be half by using free bus service. However, simulation results of Case (1) showed that the assumption is too rough and too optimistic, so that 100% voting rate was observed. In order to calculate more realistic distance between residential areas and polling places, the following function is used to measure the distance.
where d bus i jk is the distance from the home of Voter j in Region i to Polling place k using free bus service, d ib is the distance from the home of Voter j to the nearest bus stop b from her/his home, d bB is the distance from the bus stop b to the bus stop B that is the nearest from Polling place k, and d Bk is the distance from the bus stop B to Polling place k. Results using this equation are shown in Figs. 15 and 16 . From these figures, more realistic results is found than Case (1) . A value of a parameter for d bB in (5) was assumed as 0.5. Since this value can be varied by the satisfaction level of each voter, we should consider how to estimate the value of this parameter.
In Case (2), it is examined that how different locations of bus stops are between the optimization without and with free bus service. The polling place ID for each region without and with free bus service are compared. Tables 3 and 4 show the obtained results. In three ways, the number of regions that are assigned to the same polling place without and with the bus service is averaged. First, all solutions obtained in the simulation are av- eraged. Second, solutions with 50 polling places or more are averaged. Thirdly, solutions with 20 polling places or less are averaged. As Table 3 shows, when averaging over the solutions with the bus service for sixties, more than 90% regions have the same polling places averagely. For solutions over 50 or more polling places, more than 99% regions have the same polling stations. However, for solutions with 20 or less polling places, less than 90% regions have the same polling places. This is because that there are many candidate polling places for each region when the number of polling places becomes small. The same tendency can be found in Table 4 , however, less number of regions have the same polling places. This result shows that there is a possibility that the optimization problem with free bus service for aged voters or for all voters may have different solutions. Further investigation is left as our future study. It should be noted that in these simulations for free bus service, it was assumed that the regional polling parameter α i for each region i, that is estimated in Section 2, is the same after introduced the bus service. Since values of those parameters may be affected by bus service, the results of these simulations should be carefully observed.
In this section, the effects caused by introducing free bus ser- vice for sixties and all ages are considered. Simulation results show that free bus service affects the cost of voting in (1). There is several methods to estimate the distance from voters' home to polling places. There is no way to show the validity of the estimation methods. Pilot programs may be the only method to see the effectiveness of a introduced plan. However, since pilot programs is an activity that is actually enforced in a smaller scale as a trial or a test, they can not be enforced everywhere. Of course, they can enforce just one pilot program at a time. On the other hand, social simulation tools can execute several scenarios in a virtual world with various parameter settings. However decision makers should be careful because many hypotheses and simplifications are introduced in the developed simulation. It is important for providers of social simulation tools to show what are introduced in the tools using real and practical data.
Conclusion
In this paper, a way is shown to make a practical policy proposal for polling place assignment using voting simulation tool. In order to work with those who are in charge of the target task, outcomes of the simulation tool should reflect real and concrete data, be shown on a map if possible, show several alternatives in conflicting objective space, and show several scenarios on various assumptions. The parameters in our tool for voting simulation is tuned by real voter turnout in this paper. Outcomes are depicted in several figures and a map. By using an EMO algo- rithm several alternatives are shown on a two-objective space. Showing alternatives is helpful for decision makers to understand available options they can take. Although taking one solution from alternatives is a political action, examining several alternatives stimulates decision makers consideration on the issue they are tackling. Several scenarios are shown with different preconditions. It is nonsense for decision makers if they only see outcomes of the simulations. They should be careful about preconditions used in the simulations. By enhancing these factors in our social simulation tools, providers of the tools can support decision makers to make their decisions after considering from the various points they assume. One way to enhance this study is to incorporate interactions among agents. Since the simulation model in this study does not have interactions among agents, some interaction model can be added among agents such as interactions of interests to elections of each agent. After clarifying a mechanism of affecting others' interest by communication among agents or advertisement through media such as news papers or TV shows, those interactions can be incorporated in the proposed simulation model.
